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Hyd roxylysyl-galactosyl-glucose (HGG) and hyd roxylysyl-galactose (HG)
were isolated from normal human urine and shown to be identical with hydroxylysine glycosides (OHLG's) whose structure had been elucidated in other laboratories.
We devised a procedure for separating the OHLG's from many other urinary constituents by preliminary fractionation on a column of Sephadex. The OHLG's in the fractions so obtained were then isolated, uncontaminated with other ninhydrin-positive components, in a single pass through an analytical cation-exchange column equipped for splitting the effluent stream. In addition, a procedure was devised for determining as little as 10' mol of the OHLG's in 100Mlof filtrate (corresponding to 83.3 ,d of urine) on standard ion-exchange chromatographic amino acid analyzers. In normal adult urine, 1.5,moI of each glycoside was present per 100 mg of creatinine; the molar ratio of HHG to HG was about 1.1 to 1.2. Each was present in plasma in about 400-to 500-fold smaller concentration than in urine. After surgical fusion of the spine, excretion of OHLG's increased and the ratio of HGG to HG decreased, changes we interpreted as indicating a more rapid bone-collagen turnover consequent to surgical damage. were metabolic products of endogenous collagen metabolism, and appeared to reflect endogenous collagen turnover more closely than hydroxyproline excretion. A higher excretion in children and in the majority of patients with heritable connective tissue disorders was noted. Also, the ratio of HGG to HG was less than 0.95 in these two groups, as compared to normal adults in whom the ratio was greater than 1.
Additional Keyph rases
In this report, we confirm the presence of these two hydroxylysine glycosides in human urine, and describe a column chromatographic procedure that cleanly resolves the glycosides from other urinary constituents and allows them to be measured at concentrations as small as 10 mol/0.100 ml sample of urine. This is 0.001 the urine sample size (100 ml) used by Segrest and Cunningham (7) for routine work. As well, we show that both glycosides are present in circulating blood plasma, albeit in very low concentration.
Because of the possible relationship of the OHLG'S to bone collagen metabolism suggested by Segrest and Cunningham (7), we have examined the excretion of these two glycosides in the urine of two patients who underwent surgical spinal fusion to correct curvature of the spine (idiopathic scoliosis) - The methods used here should have considerable application to study of the many unidentified compounds in urine.
Materials and Methods
Collection of Specimens
Early-morning specimens from three human adults (presumed normal) were pooled and stored at -68#{176}C, without preservative (8). Blood was also taken from each individual and the plasma was pooled.
Early-morning specimens of urine were obtained from the scoliosis patients and stored in the same manner. 
Urine and Plasma Fractionation
Isolation of Glycosides from Fractions Obtained by Use of Sephadex
The fractions from the Sephadex column were concentrated to 1 ml on a rotary evaporator, and 0.5 ml was placed on the column of an automatic amino acid analyzer (9). (This was approximately the equivalent, with respect to the OHLG'S, of a sixth of the original volume of urine.) The effluent from the ion-exchange column was split into two streams by a proportioning pump: 80% went to a fraction collector, the remaining 20% was analyzed by use of the ninhydrin reaction in the usual way. Rather than scale down the analytical system to accommodate the smaller volume, buffer from a separate reservoir was added back to the 20% stream, also by means of the proportioning pump, in an amount that restored the original effluent volume. In this way, peaks appearing on the strip-. chart recorder of the amino acid analyzer could be easily matched with the collected samples.
Because Brij 35 and thiodiglycol are difficult to remove from the column effluent, both were excluded from the buffer system-with no effect on the resolution of any amino acids except glycine and citrulline, which emerged as one peak. With this split-system analyzer, HGG and HG could be isolated in essentially pure form from the Sephadex-column fractions.
Desalting.
The fractions from the split-stream analyzer that contained the glycosides were desalted on a Sephadex G-10 column (0.9 X 184 cm), to remove sodium chloride and sodium citrate (buffer components).
The glycosides were eluted by water while the salts were retained by the column. With these conditions, HGG is resolved cleanly after leucine and ahead of tyrosine, and HG emerges as a single peak after j3-alanine and ahead of 3-aminoisobutyric acid ( Figure  2 ). This modified procedure is referred to subsequently as "elution sequence II."
High Voltage Electrophoresis-Paper
Chromatography
Identification and Quantitation of Hexoses
Hexoses were released from either HG or HGG by hydrolysis in 6N HCI under reflux at 110#{176}C for 2 h under a stream of argon. HC1 was removed with a rotary evaporator.
The residue was dissolved in water and was then passed through a column of Dowex 50 resin (11+ form). Neutral sugars were eluted with water.
Partial acid hydrolyses of HGG were performed by heating at 100#{176}C in 0.1N H2S04 for increasing lengths of time, in ampuls sealed under reduced pressure. Neutral sugars were recovered by passing the hydrolysate through columns of Dowex 50 (11+ form) and Dowex 1 (formate form) and eluting with water as described by Spiro (13) .
Total neutral sugars were determined by use of the orcinol reaction (14) , total hexoses by the anthrone reaction (13) or the Somogyi-Nelson reaction (13); D-glucose was used as a standard.
Glucose and galactose were measured by means of the commercial enzyme preparations, "Glucostat" and "Galactostat"
(Worthington Biochemical Co., Freehold, N. J. 07728), by following the technique of Butler and Cunningham (15 on rechromatography on the ion-exchange column, a single symmetrical peak was again obtained.
After acid hydrolysis, only one amino acid was found and this was a double peak in the position of hydroxylysine with the larger fore-peak comprising 60% of the total area. After hydrolysis for 44 h, the area of the first peak had decreased to 54% of the total, and the second peak had increased correspondingly.
Because Hamilton and Anderson (16) found that on acid hydrolysis hydroxylysine was converted in 96 h to a 45:55 mixture of normal and allo diastereoisomers, we concluded that the double peak was indeed hydroxylysine.
In addition to hydroxylysine, two peaks with a high 440/570 nm absorption ratio also were found in the general position of taurine. Since certain sugars on reaction with ninhydrin give rise to peaks in this position (17), the material was analyzed for sugars.
The results are summarized in Table 1 . From these data it became apparent that peak mm 622 could be considered identical to the HGG of Spiro 
Isolation and Characterization of the 830-mm Peak from Urine
Sephadex urine fractions III and IV were shown to contain a well-resolved ninhydrin-positive peak, appearing at 830 mm between phenylalanine and 9-aininoisobutyric acid, when analyzed with the amino acid analyzer.
This was isolated and purified in the same manner as HOG. As indicated in Table  2 , the composition of peak mm 830 proved to be identical with the HG that had been isolated from the partial hydrolysate of HGG.
Ninhydrin Color Equivalents of OHLG'S
The color produced by specific amounts of HG ahd HOG on reaction with ninhydrin was the same, before and after hydrolysis under conditions that gave the maximum liberation of hydroxylysine and none of either of the glycosides.
It is apparent that the molar ninhydrin color-equivalent for hydroxylysine can also be used for the OHLG'S.
Chromatographic Analysis of the Hydroxylysine Glycoside
When urine was analyzed with the regular buffer sequence of amino acid chromatography (9 With an eluting buffer of lower pH, both glycosides were retarded on the column, hut HGG was retarded less than was HG, which was retarded about the same as were other adjacent amino acids-e.g., leucine and fl-aminoisobutyric acid.
OHLG's were well resolved from other adjacent peaks, known and unknown, at 68-68.5 #{176}C. Resolu-
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In the early stages of this work, a general approach to the isolation and characterization of some of the many unknown ninhydrin-positive substances was being sought, and because of our previous interest, bound forms of hydroxylysine were investigated.
This led us in turn to characterize the constituent components of the OHLG'S and to establish their identity with the hydroxylysine glycosides that had been described in the literature (2) (3) (4) (5) (6) (7) 20) . Once the elution positions of the glycosides in the Sephadex fractions and in the regular amino acid chromatograms were known, the 0HLG'S were prepared in quantities sufficient for the development of an analytical ion-exchange chromatographic system for their determination. Large scale preparation was necessary because the
OHLG'S
were not available commercially. Because of their potential importance it was desirable to measure the amounts of glycoside in urine by faster and less cumbersome methods than the assay procedures described to date. As shown in Figure 20 , separation of HGG and HG in 0.1 ml of urine is clean-cut, and peaks for 10 mol are large enough to be readily quantitated. This is approximately the same sensitivity as that reported by Moczar and Moczar (18) tion as a function of sodium concentration was not examined.
A typical chromatogram of urine with elution sequence II is shown in Figure 2C .
HGG and HG in Normal Human Plasma
In the regular analysis of 0.1 ml of plasma for free amino acids, concentrations of rrn and HG are too low to be detected, nor were they discernible in chromatograms of concentrated samples corresponding to 1 ml of plasma. However, when 22 ml of plasma (pooled, normal) was placed on the Sephadex 0-10 column and fractionated as described for urine, fractions III and IV were found, on analysis on the ion-exchange column with elution sequence II, to contain both HGG and HG (Figure 2A ). After hydrolysis in 6N HC1 for 21 h, hydroxylysine was present in both fractions. Quantitatively, the concentrations of both HGG and HG were approximately the same: 5 nmol/100 ml of plasma.
The pooled urine from the same individuals had concentrations of HGG and HG of 2.7 and 2.14 Mmol/lOO ml, respectively.
Postoperative Urinary Excretion of Hydroxylysine Glycosides by Spinal-Fusion Patients
The excretion of HGG and HG in two patients was followed after surgical spinal-fusion procedures. Creatinine was determined in all urine specimens, and are expressed as Mmol/100 mg of creatinine. In Patient 1 a urine specimen obtained nine days before operation served as a control. The results are shown in Figure 3 . It can be seen that HGG per 100 mg of creatinine increased from the preoperative level of 1.54 Mmol to 2.83 Mmol on the 8th postoperative day, an increase of 84%. It decreased thereafter until the 13th day, when it gradually increased again to 3.6 moi on the 17th day, an increase of 130% above the preoperative level. HG changed even more compared with the control value of 1.27 Mmol/100 mg of creatinine on the 9th day preoperatively.
On the 8th day postoperatively the excretion of HG was 4.51 Mmol/100 mg of creatinine, a 253% increase over the preoperative value. Thereafter the changes in HG followed the same general trend as for HGG. On the 17th day postoperatively, at a level of 3.2 ismol/100 mg of creatinine, HG was 152% above the preoperative level.
Patient 2 could not be studied in as much detail and data were obtained for only two weeks after operation.
Urine specimens were collected on the 7th and 14th days. On the 7th day the values (Mmol/100 mg of creatinine) for HGG and HG were 4.8 and 8.9, respectively; on the 14th day they were 3.5 and 5. The ratio of the concentration of OHLG's in urine to that in plasma is approximately 400-500 to 1, which suggests that the OHLG'S have a very low threshold for excretion and that renal tubular reabsorption is probably negligible. A further point merits consideration.
The ratio of HOG to HG in urine is about 1 (7). Spiro (4) found that the OHLG's derived from human glomerular basement membrane is 97% HOG, and that in diabetic subjects there is a 25% increase in the OHLO content of the basement membrane. We examined three teenage diabetic patients and found that in each case the total excretion of OHLG'S did not exceed the normal range for a comparable age group and that the HOG/HG ratio in urine was about 1 (unpublished data). This was taken as further evidence that OHLG's in urine are not derived solely from the kidney tissue. Segrest and Cunningham (7) showed that, of different human connective-tissue collagens examined, only bone collagen had a low HGG/HG ratio. Our study of the excretion of OHLG's by the two spinal-fusion cases gave data that is consistent with the contention of these authors that OHLG excretion reflects turnover of bone collagen, because enhanced OHLG excretion coincided with the 7-14 day postoperative period, considered to be the time when injured bone is being most rapidly removed before repair processes begin. In both these cases there was an increase in HGG but the major increase was in HG excretion.
These changes were reflected in a decrease in the HOG/HG ratio in the first week after operation.
Assuming that the increased excretion rate of the total OHLG's does reflect an increased collagen turnover, the lower ratio would be consistent with a decreased formation of HOG from HG in the bone-collagen molecule (21-23) .
That is, if HOG is synthesized from HG, and at a rate that is slower than the synthesis of HO, an increased collagen turnover could be expected to liberate more HG than HOG.
